I. Introduction
Machinery products are important for the trade and economic development of East Asia.
Studies and informal observations show that export promotion in machinery was part of the success story of Japan and the newly industrialized economies, South Korea and Taiwan, China. 1 In recent years, machinery has also become a key driver of trade in developing East Asia i.e., China, Indonesia, Malaysia, Philippines, and Thailand. In 2000-2004, machinery products accounted for half of the total imports of these countries. Excluding China, the share of machinery in total exports of those countries has increased to 51 percent in 2000-2004 from 38 percent in 1990-1994 , superseding shares of other product groups.
The story for the "big dragon" China is even more fascinating. China transformed its export structure with full thrust into a machinery exporting giant with interesting dynamics. The China's total exports. China is also exporting more cellular phones, personal digital assistants and flat screen TVs rather than transistor radios as previously.
Given these developments, manufacturers in Southeast Asia i.e., "little dragons" (Indonesia, Malaysia, Philippines, and Thailand) have become anxious about China's rising capability in producing machinery. 2 They now feel competitive pressure from machinery "made in China" in third markets as well as in their own backyards. In 1993 China's exports of machinery to the world were almost the same as Malaysia's, however, in 2004 China's machinery exports were already 4 times more than Malaysia's. As for home markets, manufacturers of motorcycles in Indonesia have complained about the flood of cheaper Chinese versions. Another concern is the loss of FDI resulting from positive externalities from manufacturing machinery products in China rather than in the other Southeast Asian countries. Firms in Japan, South Korea, and Taiwan, China might be leaning towards relocating to China instead of producing in Indonesia, Malaysia, Philippines, or Thailand, which could mean loss of jobs and investment in these countries. Despite China's bold maneuver, the big dragon shaking its tail could also benefit the little ones. China's increasing role as an assembly hub could provide opportunities for suppliers of components from Southeast Asia. The current pattern of trade and investment suggests that machinery is put together with the help of a network of suppliers known as a production network. As a result of the fragmentation of the production process, a Chinese assembler needs only to focus on its competitiveness in assembling parts and components while relying on highly skilled suppliers in Southeast Asia or elsewhere with lower cost. 3 Chinese assemblers can also delegate the manufacturing process of components that mainly use resource-based inputs -such as rubber and metallic ores -to resource rich countries such as Indonesia and Malaysia.
Thus what might be interesting for many, including policy makers in Southeast Asia, is the extent of externalities resulting from China's increasing machinery exports. Against this background, we explore how trade in components and finished products of machinery is behind the trade between Southeast Asia and China. Second, we look at the competitiveness and relative sophistication of China's machinery products versus those made by Southeast Asian countries. Third, we use regression analysis to look at whether expansion in Chinese machinery exports has any impact on unit value and export composition in machinery from Southeast Asia. Finally, we explore the extent to which Southeast Asian countries have been involved in the production sharing network to support China's role as the hub for final assembly.
This study adds new findings to the already rich literature on trade in East Asia. We document both competing and complementary forces as economies in East Asia integrate.
We also explore the extent to which changes in structure and value of exports in machinery from Southeast Asian countries can be credited to China. In many aspects our paper complements other studies on intraregional trade (such as Kawai, 2005) , production fragmentation and trade (Ando and Kimura, 2003 , and Kimura et al, 2005 , and technology upgrading in exports from East Asia (Gaulier et al, 2005) . In addition, this paper sheds light on China's and Southeast Asia's progress on the quality ladder of machinery products.
II. The Pattern of Trade in Machinery in China and Southeast Asia
The data show clearly that China has taken off to become one of the world's most important machinery exporters. Figure 1 indicates that in 1975 China was an underdog in the world market of machinery products, even compared to Malaysia and Singapore. In 1989, Chinese exports of machinery overtook Malaysia and less than 7 years later superseded Singapore.
In 2003, total machinery exports from China were already higher than machinery exports from Indonesia, Malaysia, Philippines, Singapore, and Thailand combined.
Office data and telecommunications products have played a crucial role in China's success in terms of machinery exports. China alone has market shares of almost 16 and 8 percent respectively in the global export of those commodities. However, other countries in Southeast Asia are also becoming important players in global trade in machinery. For example, exports of office/data processing machines, telecoms equipment and electrical machinery from Malaysia and Philippines are increasingly gaining importance. show products with decreasing market shares while dark shaded ones show those with increasing shares. When it comes to office/data processing and telecoms products, China alone holds almost 16 percent of market share in global exports. China's export market share in those two product categories increased more than 5-fold in 10 years, from 3 percent in 1993-94. China's second largest export mover is electrical machinery, the market share of which increased almost 3.5 times, from 2. Most countries in developing East Asia are importers of components and exporters of finished machinery. Table 2 shows that shares of components and finished products, respectively, in total imports and exports of machinery have increased. With the exception of Indonesia, the share of components in total machinery imports has increased significantly in developing East Asia. From 1993 -1994 to 2003 -2004 , the share of components in total imports has increased by 36, 26, 15, and 9 percent in the Philippines, China, Malaysia, and Thailand, respectively. On the export side, Indonesia and the Philippines are lagging behind other developing East Asian countries when it comes to increasing the share of finished products in machinery exports.
The East Asia region has become an important source of machinery imports for developing East Asia. First, Table 3 shows that more than half of East Asia's imports in finished machinery came from the region (summing up first seven columns in Table 3 ). Developing East Asia is increasingly sourcing machinery from the newly industrialized economies instead of Japan and the United States. Countries such as Indonesia, Malaysia, the Philippines, and Thailand increased their shares of imports of machinery from China and the newly industrialized economies at the expense of Japan and the United States. The same pattern also appears on the export side. As shown in Table 4 , more and more machinery exports from developing East Asia are heading to East Asia (excluding China). The rows of Table 4 indicate the increase in share of exports in components and finished machinery from developing East Asia to the East Asia region.
We also confirm the results of other studies by showing that components are largely behind the trade in machinery in developing East Asia. As shown in Figure 2 , exports of components contribute 76 percent to export growth in machinery from the Philippines.
Exports in finished products contribute 59 percent in changes of export in machinery from China. The import side presents an even more dramatic picture. Figure 3 shows that components are a key driver of Philippines imports of machinery. Similarly the figure also
shows that parts and components are driving China's imports of machinery, highlighting the importance of final goods assembly in China.
For Southeast Asia, China is playing an important role as source of and market for machinery components. The proportion of machinery components coming from China to Southeast Asia has increased significantly. For example, the share of Malaysian and Thai imports of components from China increased almost 18 and 7 times, respectively, in 10 years. In the next section we will see evidence that China is an important supplier of components with relatively low value for manufacturers of machinery in Southeast Asia.
This increase in shipping of components to Southeast Asia has been happening in parallel with the increase in China's exports of finished machinery. An interpretation could be that Chinese firms are taking advantage of Southeast Asian capacities for further refinement of components before they are shipped back to China and assembled to the final product. This hypothesis is supported by the fact, that China is becoming an important export destination for components made in Southeast Asia. Over the last 10 years, the proportion of exports in components which have been shifted to China has increased by almost 5 times for Indonesia, 15 times for Thailand, 19 times for Malaysia, and exponentially 60 times for Philippines.
These findings suggest that there might be a certain degree of complementary between China and Southeast Asia regarding trade in components.
III. Comparing Performance of Exports of Machinery: China versus Southeast Asia
Having described the broad pattern of trade in machinery in developing East Asia, we next look at performances in machinery exports within developing East Asia, comparing Southeast Asia with China. We will examine the similarity, competitiveness, and value of exports in machinery from Developing East Asia and how they have changed in the last ten years.
The main conclusion from this analysis is that machinery exports between China and Southeast Asia are increasingly similar. To measure export similarity, we use the Finger and Kreinin index as it provides information on the extent of potential market displacement caused by competition (Finger and Kreinin, 1979) . 4 Calculating the index for various machinery products indicates that exports from China and countries in Southeast Asia are becoming increasingly comparable (Table 5 ). With the exception of road transportation, the index of export similarity has increased over the last ten years, both in components and finished machinery. Products that seem to have a high degree of export similarity are components of electronics products office machinery and telecommunications equipments.
In fact, the index of export similarity between China and Southeast Asian countries on the latter product has increased significantly. We also consider a bilateral index of export similarity among countries in developing East Asia (Table 6 ). There we find that exports in components from China is becoming more similar to that from Indonesia and Thailand while Chinese exports in finished machinery is becoming highly similar to those produced by Malaysia. 5 A Revealed Comparative Advantage (RCA) approach shows that all countries in developing East Asia have increased their comparative advantage in exporting machinery products vis-à-vis the rest of the world (shown by Table 7 and scatter-plots 6 Figure 4 and Figure 5 ). 7 The RCA index and the percentage of RCA index greater than one show that most of these indicators have gone up. More particularly, the data shows that China is the only country in developing East Asia that has RCA greater than one in both component and finished machinery. In Figure 4 , China has both components and finished machinery products in the northwest quadrant of the scatter plot, suggesting significant increase in comparative advantage. The data also reveals that overall the Philippines and Thailand have increasing comparative advantage in producing components of machinery. We also find that the proportion of Chinese export in components and finished machinery with an RCA index greater than one has jumped. In [2003] [2004] 27 and 32 percent of export in component and machinery from China had an RCA index greater than one, a significant increase from 9 and 17 percent in 1993-94.
Based on technological classifications introduced by Lall (2000) , most countries in developing East Asia have enhanced their technological capacity and become manufacturers of high technology products. The RCA indices for high technology products have increased significantly for countries in the group, with exception of Indonesia (Table 8 ). Countries such as Malaysia and the Philippines stand out as the most competitive manufacturers of high technology products among countries in developing East Asia. Nevertheless, we also find that China has more products with an RCA index greater than one than any other country in developing East Asia. The latter suggests that China is not only acquiring competence in technology to manufacture but also is becoming more competent in broader range of machinery products.
Next we look at the relative unit value of export in machinery across countries in Developing East Asia. Relative unit value is often used as a proxy to measure higher capital intensity and skill deepening in production processes relative to countries that are falling behind (see, for 6 Numbers used in scatter plots are from Table 4 . example, Schott, 2004) . For each product relative unit value equals the value of exports divided by volume which in turn is divided by world import value relative to volume. 8 Medians of unit value across countries are then plotted in Figure As for products of finished machinery, the landscape of relative unit value of export across countries in the region tells a different story. Instead of increasing, relative unit value of export in finished machinery has declined for most of countries in developing East Asia. As shown in Figure 6 , exports of finished machinery from Malaysia and Thailand had a relatively higher unit value in machinery exports in 1993/94. However, their relative unit values have decreased in the last ten years -they are located below the diagonal line.
Further, relative unit value of some countries, such as Indonesia and Philippines, has not increased in the last ten years. The only country in developing East Asia that managed to increase its exports unit value of finished machinery is China. This finding suggests that Chinese machinery products have been increasingly sophisticated, incorporating new inventions.
The findings presented here are pieces of evidence suggesting that China is putting competitive pressure on machinery exports from developing East Asian countries. The structure of export in machinery between China and other developing East Asian countries are increasingly similar. We also find China has increased its comparative advantage in finished machinery relative to other developing East Asian countries. While unit value of export in finished machinery has declined for countries in developing East Asia, median unit value of Chinese finished machinery has increased.
The previous tables and figures in this section convey important messages about the dynamics of trade in machinery in Developing Asian countries. Overall, they show an increase in competence in producing machinery among countries in developing East Asia, especially products that are considered as high technology. They also show a shift toward specialization that has been taking place in some countries, such as the Philippines in producing components and China in producing finished machinery. The increase in relative unit value of China's exports of finished machinery might be caused by more expensive components it imported from Southeast Asian countries. But it could also suggest that China has been making progress in the quality ladder. However this evidence is inadequate to shed light on the possible effect of China's expansion on exports of machinery from other Southeast Asia. Therefore we turn to regression analysis in the next section.
IV. Regression Analysis
We start this section by laying out our objectives for empirical analysis. Our first objective is to look at the extent to which the emergence of China as an important player in global trade in machinery is putting competitive pressure on price. Excellent road and power infrastructure in industrial areas have enabled China to lower costs of production. Further, in addition to the export market, the vast potential in China's home market allows for significant scale economies and produces a comfortable margin for competition. Therefore, we expect that an increase in China's export volume in machinery would drive down the price of machinery exports from other countries, including Southeast Asia. We also expect that the effect is significant for finished machinery where China is increasingly gaining comparative advantage. However, we let the data tell us what is happening in machinery components.
To test our first hypothesis, we estimate a linear regression model where we test whether the unit value of exports in machinery from Southeast Asian countries is affected by the quantity of China's exports. The model is given as: (1) where V is unit value of export, F is a dummy variable for finished good, Q is the volume of export from China, Z is a matrix of covariates, and ε is the error term. The subscript i, j, k, and t represent country (Indonesia, Malaysia, Philippines, and Thailand), product classification at 6 digit HS, category (components or finished product), and time spanning from 1992-2004.
To control for observables characteristics, we include a set of covariates Z such as: time, product, country dummies and their interactions, import of capital goods, world GDP percapita (excluding the reporter country i), difference between country i GDP per capita and world GDP per capita, and world tariff rates. Note that we also include lagged dependent variable on the right-hand side of equation (1) to allow the possibility of previous period determining the current period of unit value; a control for possible rigidity. Had we not included the latter variable as a regressor, lagged volume of Chinese export, Q, could have correlated with the error term. This problem arises because China's export volume at time t-1 might correlate with world import price in t-1. We also include the share of import of capital goods from China as a control for possible cheaper imports of capital goods from China.
Assuming the lagged volume of exports from China and unit value,Qjt-1 and V ijt-1 , are predetermined, we estimate equation (1) using OLS.
The second objective is to explore whether the increased presence of China in the global trade in machinery has caused changes in the market share of export in machinery from Southeast Asian countries. As shown in the previous section, export of machinery from China is rapidly gaining market share. However, we also see that exports of machinery from countries in Southeast Asian are increasing their presence in the global market. The empirical model for our analysis on this question is given as:
On the left-hand side of equation (2), ΔMS is change in global market share of product category k: component, finished, in the export of commodity j from country i at time t. On the right hand side, F is a dummy variable for finished goods ΔCMS is China's change in global market share for product j at time t, ΔRCA is the change in the revealed comparative advantage index (scale to 0 to 100) product j category k, and Γ contains other covariates similar to Z in equation (1) . To control for degree of comparative advantage in a particular product in a particular country, we include the lagged change in the RCA index on the righthand side of equation (2) .
The third objective is to examine the direction of specialization in the context of product fragmentation. The data suggests that several countries are becoming more competitive in producing components. Recall from presentations of Table 7 and Figure 4 , with exception of China, countries in Southeast Asia performed better on exports in components than in finished machinery. Therefore, we examine the extent to which China's shift in specializing in finished machinery is causing Southeast Asia to shift their exports of components to China. The empirical model for this objective is given as:
On the left-hand side of equation (3), SCC is the share of export in components of product j from country i to China at time t (share of export going to the world is 100 percent). On the right hand side, CMF is China's global market share for finished machinery of product j at time t-1, RCAC is the revealed comparative advantage index in components for country j (scale to 0 to 100) at time t-1. Finally, matrix W contains covariates such as dummy variables for industry, location, time, and China's import tariff.
For equation (3) we reclassify our product into 3-digit SITC, broader than the classification used in equation (2) . This relatively more aggregate category reduces the extreme variation in market share that one would obtain with a more detailed product category, which allows us to better examine the effect of spillover. In our sample, we also keep products that have components in their classification. Finally, because some countries do not engage in export of particular products, SCC is censored from below. Thus we estimate equation (3) using Tobit with zero as the lower censoring point.
We estimate equation (1) to (3) We summarize our results from estimating equation (1) to (3) in Table 9 and present the detailed results in Appendix A. Numbers in the 1st subcolumn of the 1st column in Table 9 represent estimates of coefficient α 2 of equation (1), which is components, while numbers in the 2nd subcolumn represent estimates of α 2 + α 3 , i.e., the net effect of quantity on unit value of the finished product. Other columns present results from estimating equation (2) and (3). Table 9 represent the scope of sample in which equations (1) through (3) are estimated. Results that are statistically significant are given "(+)" or "(-)" sign, while "n.s" indicates those that are not.
Rows in
The results of estimating equation (1) suggest two important findings. First, we find α 2 to be positive and statistically significant. This implies that China's increase in the volume of exports in components is associated with increasing unit value of export of components from Southeast Asian countries. We find net coefficient for α 2 + α 3 is negative and statistically significant. This suggests the emergence of China's finished machinery is associated with decreasing unit value of export of similar products from Southeast Asian countries. This result is also robust after controlling for possible rigidity in unit value and import of capital products from China as shown in Table A.1. Looking across major product categories, the previously described results occur simultaneously in electrical equipment and road transportation. Further, decreasing unit value in finished machinery from Malaysia and Thailand is associated with the emergence of China. What is also interesting is that exports of finished machinery of these products from developing Southeast Asia is very similar to that exported by China (as shown by the similarity index in Table 6 ).
From estimating equation (2), estimates of both δ 2 and δ 2 + δ 3 are not statistically significant in all cases. Therefore overall we find no evidence that change in market share of exports from Southeast Asian countries is associated with China's expansion. As shown in the 2nd column of Table 9 , we neither find evidence across major product categories, nor across countries, that would suggest that China's surging market share in machinery is squeezing market shares of machinery manufacturers of Southeast Asia. As shown in Table A 6, instead, the change market shares in global machinery exports are significantly associated with the level of comparative advantage. The negative and significant coefficient suggests that a previously lower RCA index tends to be reflected in declining market shares. The result is robust after controlling for product and other characteristics, even if we take out the RCA index from the equation. This finding implies that, if any, a decrease in market share of exports of finished machinery is not associated with China.
From equation (3), we show how China's increasing share in global export of finished machinery is driving exports in components from Southeast Asian countries. The 1st row of the 3rd column in Table 9 presents a result that shows a positive and statistically significant γ 2 . This implies that China's expansion in finished machinery has caused manufacturers of components in Southeast Asia to ship to China rather than to other regions. Across product categories, China's expansion significantly affects export of components of office/data processing machinery, telecoms equipment and electrical machinery from Southeast Asia. This is an interesting finding because Chinese office/data processing machinery & telecoms equipment have the highest increase in the global market share. Across countries we find that China's expansion attracts exports in components from Indonesia and the Philippines.
These findings illuminate the important role of China as an assembly hub in the regional production network.
Results from the regression analysis indicate that China's expansion of exports in finished machinery is associated with lower unit value of export in finished machinery from Southeast Asian countries. Meanwhile, we find that this is not generally the case for export in components of machinery. Regression results also show no evidence that change in market shares of export in machinery from developing Southeast Asian countries is associated with China's expansion. Finally, we also find that a reorientation of exports in components from developing Southeast Asian countries is associated with China's surging exports of finished machinery products. This evidence shows how manufacturers in Southeast Asia are becoming suppliers of components to support China in assembling finished products.
V. Conclusion
This study adds to the literature on China's export boom. We illuminate changes in China's composition and value of machinery exports as the country transforms into an important global player in machinery. During that process, machinery "made in China" is putting competitive pressure on similar finished machinery products made by Southeast Asian countries. At the same time, China is also becoming an important market for exports of machinery components from Southeast Asian countries.
But there is an interesting twist. We find that Southeast Asian countries are becoming China's suppliers for machinery components with higher value than what China was exporting to them. This evidence might reflect Southeast Asian countries enhancing Chinese made components, before these are subsequently being assembled by Chinese manufacturers. This finding might also suggest tendencies among Southeast Asian countries to specialize in producing components with higher value. Either of these possible scenarios points to China as a huge market for high value machinery components from Indonesia, Malaysia, the Philippines, and Thailand.
Our work falls short of explaining the cause of these dynamic changes. We have documented changes in exports of machinery from Southeast Asian countries that are associated with China's increasing role in global trade. So far we have not shown the fundamental driving forces for such transformation in trade of machinery in the region, such as the role of FDI, real wage differentials, or labor productivity. We also have not looked in detail at the reshuffling of shares of exports in different markets as China increasingly enters the global trade arena. We also have not yet discussed the consequences competition from China in the relocation of production activities. Perhaps our findings can encourage further research investigation on this topic. Source: UN-COMTRADE Source: UN-COMTRADE Source: UN-COMTRADE Source: UN-COMTRADE Robust standard errors in parentheses * significant at 10%; ** significant at 5%; *** significant at 1% Table A Robust standard errors in parentheses, * significant at 10%; ** significant at 5%; *** significant at 1%
